Background This study examines a cohort in which individuals of privileged socio-economic position report greater psychological stress. We have previously shown in this cohort that stress is unrelated to coronary heart disease as measured by hospital discharge diagnosis and causespecific death. In contrast, stress and hospitalization for cardiovascular conditions not requiring mandatory admission were associated. We hypothesized that psychosocial factors, in particular reporting tendency, are the likely mediator of this association, and the present study considers this further.
Introduction
There is a common belief that psychological stress affects the health of the individual. For example, evidence has been presented linking stress to hypertension 1 and coronary heart disease. 2 Alternative interpretations of these results have been presented, however. Macleod et al. 3 have suggested that a 'common response set' 4 may create the illusion of an association when both stress and illness are measured using self-report questionnaires. Furthermore, they suggested that where higher levels of stress are associated with socio-economic disadvantage, it is disadvantage that is associated with poorer health. 5 This confounding may well survive attempts at control through the use of necessarily crude measures of socio-economic position.
Macleod et al. demonstrated that in a male working cohort where self-reported high stress was related to privileged socioeconomic position, there was no association with coronary heart disease as measured by electrocardiogram, hospital discharge diagnosis, nor cause-specific death. 6 This finding was in the context of a strong association between self-reported measures of stress and angina symptoms. In the same study an association was observed between stress and the number of hospital admissions subsequently undergone for cardiovascular conditions that can often be treated on an out-patient basis.
Stress can be postulated to influence the occurrence of causespecific hospital admission at one or more of the stages leading to admission. First, higher levels of stress may be associated with a higher incidence, or greater severity, of the particular Self-reported stress and subsequent hospital admissions as a result of hypertension, varicose veins and haemorrhoids disease leading to the admissions of interest. Second, higher levels of stress may be associated with an individual being more likely to present their symptoms to a health-care provider, or to approach such a provider at an earlier stage of the disease process. Third, among those individuals presenting to a health-care provider, higher stress may be associated with a greater likelihood of being admitted to hospital. Fourth, once admitted to hospital, greater reported stress may be associated with factors influencing the recording of diagnoses at discharge.
The current study aims to present a fuller description of the association between reported stress and those admissions for cardiovascular conditions not requiring mandatory admission. A condition is considered not to require mandatory admission if it would usually be treated on an out-patient basis. The three commonest conditions within this group, essential hypertension, lower limb varicose veins and haemorrhoids, will each be investigated to find whether there is a general association with reported stress. Baseline measurements of risk factors, age at first admission, and duration and type of hospitalization will be examined for clues to the mechanism of the association.
Methods

The cohort
The cohort of workers examined in this study has been described in detail elsewhere. [7] [8] [9] [10] In brief, 6022 men (around 70 per cent of those invited) were recruited between 1970 and 1973 from 27 workplaces in the west of Scotland. This study is based on 5596 men aged between 35 and 64 years of age, for whom complete information was available for the measures employed in the present analysis. A distinctive characteristic of this cohort is the reporting of higher levels of stress by those in more privileged socio-economic positions.
Baseline measures
Stress was measured using the Reeder Stress Inventory. 11 Four items ask about general tension and nervousness, nervous strain as a result of daily activities, mental and physical exhaustion at the end of the day, and daily activities that are stressful and trying. Responses are made on a four-point Likert Scale and are scored with a system giving total scores from one (low perceived stress) to eight (high perceived stress). There is a good deal of evidence testifying to the content validity and reliability of the questionnaire. 12, 13 Body mass index (BMI), blood pressure and plasma cholesterol were measured in the standard ways during a health screening. 7, 8 Forced expiratory volume in one second (FEV 1 ) was recorded as a percentage of that predicted on the basis of a healthy subset of the cohort. 7, 8 Taking information from a respondent-completed questionnaire, social class was derived by categorizing the subject's current occupation according to the contemporaneous version of the Registrar General's classification.
14 Information was sought on weekly alcohol consumption and smoking history.
Mortality data
Men who died during the follow-up period were identified through flagging at the NHS Central Registry. Death certificates were provided, coded according to the ninth revision of the International Classification of Diseases.
Hospitalization data
Data on hospital admissions over the follow-up period were obtained by linkage to the Scottish Morbidity Register. 15 In the present analysis only the primary diagnosis made during the final consultant episode was considered for each admission, as this was presumed to represent the most definitive diagnosis. Diagnoses were coded according to the International Classification of Diseases. The present study was concerned with admissions with a primary diagnosis of coronary heart disease (ICD-9: 410-414), cardiovascular conditions for which admission is non-mandatory, and other cardiovascular disease. Conditions for which admission was judged to be non-mandatory were hypertension (ICD-9: 401), ill-defined heart disease (ICD-9: 429), lower limb varicose veins (ICD-9: 454), haemorrhoids (ICD-9: 455), other varicose veins (ICD-9: 456), lymphodoema (ICD-9: 457), hypotension (ICD-9: 458) and other circulatory disorders (ICD-9: 459). Admissions as a result of hypertension, lower limb varicose veins and haemorrhoids are investigated individually. Other cardiovascular disease incorporated all ICD-9 diagnoses between 390 and 459 that were not included above.
Statistical methods
Stress scores were categorized as high (6) (7) (8) , medium (4-5) and low (1) (2) (3) , to be consistent with previous analyses. 6 The relationships between diagnosis-specific hospital admissions and different categories of perceived stress were evaluated as hazard ratios using the proportional hazards model. 16 Once an individual has been admitted with a particular disease, the hazard of subsequent exacerbations of the condition with further hospitalization is often increased, especially in the following months. Short-term increases in the hazard of further hospitalization were incorporated by the use of a time-dependent covariate that indicated when an individual had been admitted for a particular disease during the previous year. 17, 18 Long-term increases in the hazard of further hospitalization were incorporated by stratifying the analysis according to whether an individual had been previously admitted for the particular disease or not. 18, 19 This approach to the analysis differs from that employed in our earlier work, 6 by incorporating a simple model of the interdependence between cause-specific admissions undergone by an individual. In fact, both approaches lead to the same conclusions, perhaps because of the small number of individuals who undergo multiple admissions for any of the diagnoses of particular interest.
Follow-up was censored at 21 years from first screening, unless death intervened. Stata statistical software (version 7) was used for all analyses (StataCorp, College Station, TX). Table 1 presents hazard ratios for hospital admissions with the stated primary discharge diagnoses, by level of perceived stress at first screening. There is no evidence of an association between the reporting of higher levels of stress and a higher number of admissions as a result of coronary heart disease or of the 'other' cardiovascular diseases. There is strong evidence that those individuals reporting higher levels of stress are undergoing a higher number of admissions for causes for which admission is not normally mandatory. The fully adjusted analyses suggest that this relationship is not realized through confounding by social class, nor by a mechanism dependent upon the usual cardiovascular risk factors.
Results
Three diagnoses accounted for 347 of the 399 (87 per cent) admissions falling into the non-mandatory category. Looking at these diagnoses individually, there is strong evidence that those individuals reporting high levels of stress undergo more admissions for essential hypertension, lower limb varicose veins and haemorrhoids (Table 1) . Again, the fully adjusted analyses suggested that neither social class nor the usual cardiovascular risk factors could account for these associations. For hypertension, blood pressure is the cardiovascular risk factor of particular interest. Adjusting the analysis of hypertension admissions for age, social class, diastolic blood pressure and systolic blood pressure gave a hazard ratio for high versus low stress of 3.10 (95 per cent confidence interval (CI) 1.24-7.75). Table 2 presents the mean blood pressures for groups defined according to reported stress and whether the individual subsequently underwent an admission with essential hypertension as the primary discharge diagnosis. Those individuals who did subsequently undergo such an admission tended to have had higher diastolic (p Ͻ 0.001) and systolic (p Ͻ 0.001) blood pressures at the baseline screening (both tests adjusted for age, social class and reported stress using an ordinary least-squares multiple regression analysis). There was no evidence of higher blood pressure among those individuals reporting higher levels of stress, nor among those individuals admitted with a subsequent discharge diagnosis of varicose veins or haemorrhoids (data not shown). Table 3 presents the number of individuals admitted (rather than the number of admissions) as a result of each of the diagnosis-specific causes, according to the level of stress reported.
Logistic regression analysis indicates good evidence that those individuals reporting higher levels of stress are more likely to undergo admissions with a primary discharge diagnosis of essential hypertension, lower limb varicose veins or haemorrhoids. Also presented in Table 3 are, for those people with a particular diagnosis-related admission, the mean age at first admission, mean duration of those first admissions and the number of those first admissions undergone on an elective basis. There was no evidence of an effect of stress on these characteristics for admissions as a result of essential hypertension, nor for those as a result of lower limb varicose veins, as assessed by ordinary least-squares regression analysis (with a bootstrap estimate of the standard error when examining the duration of the first admission 20 ) or logistic regression. There is evidence to suggest that admissions as a result of haemorrhoids are more likely to be undertaken on an emergency basis in those individuals who had reported higher levels of stress at baseline.
Discussion
This study has found that men who report higher levels of stress are more likely to undergo hospital admission as a result of essential hypertension, lower limb varicose veins or haemorrhoids in the subsequent 21 year period. These associations appear to be independent of the men's social class and their cardiovascular risk profiles. In particular, there is no evidence to suggest that the greater likelihood of hypertension-related hospitalization in those men reporting higher levels of stress is due to higher blood pressure among those men, at least as far as can be detected using measurements taken at baseline. Furthermore, there was no evidence of an association between reported high stress and subsequent admissions as a result of coronary heart disease or other cardiovascular diseases. These latter associations would be expected if high reported stress was genuinely associated with essential hypertension, a risk factor for, and a sign of underlying cardiovascular disease. Basic admission characteristics differed little according to the level of stress reported, the exception being a higher proportion of emergency haemorrhoid-related admissions in those individuals reporting higher stress. By its nature, the aetiology of essential hypertension is uncertain, with stress being one of many potential contributory factors investigated. For example, Folkow has hypothesized that hypertension is a product of cardiovascular remodelling in response to prolonged environmental stressor exposure. 21 In this case the greater likelihood of hypertension-related hospitalization in those reporting high levels of stress is due to that stress directly inducing a higher incidence of hypertension in those individuals. This is unlikely in the present study; although both high reported stress and high blood pressure at baseline are associated with high rates of such admission, there is no relationship between stress and blood pressure.
It may be that although stress has no effect on the incidence of hypertension, high stress may lead to a higher admission rate in those individuals who have hypertension. There is a great deal of individual difference in the symptoms reported by those with hypertension, and it has been suggested in earlier studies that temperament may influence the number and nature of symptoms reported. 22, 23 Although rather esoteric dimensions of personality were investigated in those studies, it may be the case that those individuals who report their lives as being stressful in response to the Reeder Stress Inventory are also those who are more likely to present symptoms of hypertension to a healthcare provider. This is an example of a 'common response set'. 4 High stress in a patient may also influence a health-care provider's decision about whether to admit. An association between high stress and a higher rate of admission as a result of hypertension would be observed if an individual's high stress somehow (perhaps through an association with 'white coat hypertension') caused a health-care provider to admit even if blood pressure was otherwise relatively low. This is consistent with the weak evidence of relatively low diastolic blood pressure at baseline being associated with high stress in those individuals subsequently undergoing admission for hypertension.
The diagnosis of essential hypertension is made once identifiable causes (renal disease for example) have been ruled out. 24 This 'diagnosis-by-exclusion' provides further potential mechanisms by which reported stress and hypertension-related admission could become associated. It may be the case that those individuals reporting high levels of stress are more likely to undergo admissions where there is no subsequent discovery of pathology. The presence of hypertension may be incidental to such admissions, but does provide a discharge diagnosis that can be recorded in the absence of contenders. Furthermore, the well-known (if hypothetical) link between stress and hypertension may cause physicians to record hypertension as the discharge diagnosis, in the absence of contenders, when the patient is perceived to be experiencing high levels of stress.
Many of the admissions recorded as hypertension-related are occurring in the context of cardiovascular disease. For the 76 admissions for which essential hypertension was given as the primary diagnosis, this came with a second-placed diagnosis of cardiovascular illness in 14 instances. Second, focusing on the 53 individuals admitted owing to essential hypertension, of the 21 observed to die, 13 did so due to a cardiovascular disease. Third, 12 of those 53 individuals had at least one further admission with a primary diagnosis of coronary heart disease. That hypertension-related admission often occurs in the context of cardiovascular disease is not surprising, but again reported stress appears to be unrelated to this context. There is no evidence in the present cohort for an association between reported high stress and admissions as a result of coronary heart disease or other cardiovascular illnesses.
The aetiology of varicose veins is still subject to debate, but hypertension has been suggested as a possible contributory factor, 25, 26 thus providing one possible route by which stress may influence the occurrence of varicose veins. This pathway is unlikely in the present study, however, given the absence of a relationship between reported stress and blood pressure. Furthermore, the relationship between varicose vein pathology and subsequent treatment as a hospital in-patient is anything but direct. The small proportion of patients admitted in the present study (around 2.5 per cent) falls far short of the estimated community prevalence in a study of men aged 35-69 years in West London (around 17 per cent). 26 Additionally, a review of a waiting list for varicose vein surgery suggested that prioritization was not based on objective criteria. 27 Again, it may be the case that those individuals who report high levels of stress are also more likely to seek help for their varicose veins from a general practitioner. Once referred to a surgery department, surgery may be decided upon without consideration of the alternatives, or the likely benefit. 27 In any case, treatment decisions are made on the basis of reported symptoms in the majority of cases. 27, 28 Again, the aetiology of haemorrhoids remains subject to debate. 'Temperament' has long been among the multitude of proposed factors, 29 although it receives relatively little consideration. One study of 509 women did find a strong relationship between self-reported stress and self-reported haemorrhoids. 30 Again, this relationship could be due to an association between high reported stress and a higher incidence or severity of haemorrhoids, or it could be due to a higher likelihood of reporting symptoms among those individuals reporting higher stress. In the current study, only those cases resulting in hospital admission are being detected. In contrast, the majority of people with haemorrhoids will self-treat by changing their diet or using over-the-counter medication rather than seeking treatment in hospital. 31 It may be that those individuals under greater stress do not successfully self-treat, and so are more likely to progress to a stage where hospital admission, perhaps even emergency admission, is necessary.
A recent evaluation of the accuracy of SMR1 data has indicated an accuracy of 90 per cent for the main diagnosis code (three-digit ICD-9 code) in 1994. 32 It is assumed here that the majority of these errors are due to clerical errors, and consequently will be random in nature. Actual misdiagnosis by the clinician is considered here to be part of the stress effect, as discussed above for the case of hypertension. Inaccuracy will also arise from the admissions to independent (not within the National Health Service) hospitals not being recorded in SMR1. In particular, those individuals in privileged socio-economic positions receive a high proportion of their varicose vein surgery in the independent sector. 33 In this cohort, individuals in privileged socio-economic positions are more likely to report high stress, and so any under-recording of admissions among these individuals is likely to cause the underestimation of the association between stress and hospitalization.
In conclusion, the analyses in this paper provide further evidence in support of our hypothesis that where limited associations between reported stress and hospitalization for particular cardiovascular diseases are observed, this is due to the influence of symptom reporting, rather than pathology. 6 A further possible mechanism is the use of hypertension as a discharge diagnosis when no other pathology has been detected. The higher number of admissions for the treatment of haemorrhoids, and the higher proportion of such admissions undertaken on an emergency basis among those reporting higher stress, may arise through two mechanisms. Individuals experiencing greater perceived stress may neglect aspects of self-care and delay presentation until their symptoms are particularly severe. In addition, individuals who perceive their exposure to stress to be higher may also perceive and report their symptoms to be more severeleading to greater likelihood of emergency, rather than elective, management. Overall, the present study emphasizes the need for careful interpretation of routinely collected hospitalization data, especially for conditions where admission is not mandatory and non-medical factors are allowed much greater influence.
